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ABSTRACT

The morphological and structural characterization of hemocytes was
made in the endemic freshwater crab, Arcithelphusa cochleariformis using
light microscopy and transmission electron microscopy and the present
study provides valuable information about the cell mediated immune
responses of this freshwater crab. The ultrastructural studies show four
types of hemocytes: agranulocyte, granulocyte I, granulocyte I and semi-
granulocyte. Agranulocytes are oval to elongate and contain free ribosomes,
RER cisternae and a few mitochondria with parallel cristae. They are mostly
devoid of granules but rarely a few (1-3) small granules can be observed in
their cytoplasm. Our results demonstrate that the circulating agranulocytes
are phagocytic in function as evident from their prominent large bulbous
pseudopodial projections. Granulocytes I are round or oval in shape, possess
abundant granules of differing size, shape and electron densities and their
cytoplasm contains mitochondria, free ribosomes, vacuoles and lysosomes.
Granulocytes II are roughly spherical or round, display RER cisternae,
mitochondria and large dense granules. Certain granulocyte II cells resemble
autophagosomes and include materials at various stages of degeneration and
multivesicular bodies, suggesting an autophagy function. Semi-granulocytes
are round, oval, elongate orirregular cells with free ribosomes, RER cisternae,
mitochondria, vesicles and lysosomes. They display lysosomal compartments
with phagocytized materials and melanin deposition. We here suggest their
possible role in the phagocytosis and melanization process.
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INTRODUCTION

Comparable to other arthropods, crustaceans
possess open vascular systems wherein hemocytes
circulate throughout the hemolymph. Hemocytes,
the primary components of the immune system
perform innate, cellular and humoral reactions.
Their role has been well recognized in vital defence
reactions such as phagocytosis, prophenol oxidase
activity, melanization, encapsulation and coagulation
(Johansson et al., 2000; Matozzo and Marin, 2010).
Moreover, they have pleiotropic non-immune
tunctions like moulting, synthesis of hemocyanin
and storage of nutrients (Vaccaand Fingerman, 1983;
Adachi et al., 2003).

Many categories of crustacean hemocytes have
been recognized based on hemocyte properties
or observation techniques (Hose et al., 1990). In
various decapod crustaceans, the predominant types
of hemocytes vary. In crayfish Cherax quadricarinatus
(von Martens, 1868), granulocytes and semi-
granulocytes are the major types of hemocytes,
whereas agranulocytes are rare (Li et al.,, 2021).
In mud crabs Scylla paramamosain Estampador,
1950, semi-granulocytes and agranulocytes are the
predominant cell types (Zhou et al., 2018). In penaeid
shrimps Sicyonia ingentis (Burkenroad, 1938) and
Penaeus californiensis (Holmes, 1900), small-granule
hemocytes are the major cell types and agranular and
large-granule hemocytes are found inlesser numbers
(Martin and Graves, 1985). Considerable variation is
observed in the types and structure of hemocytes in
various decapod crustaceans.

Information on the structure of hemocytes was
extensively investigated by using optical microscopy
and electron microscopy in many marine decapod
species (Johansson etal., 2000; Mengal et al., 2023).
However, very little information is available about
the structural and functional details of hemocytes
in freshwater crabs (Latha et al., 2017; Deyashi and
Chakraborty, 2022). To the best of our knowledge, no
previous study regarding identification of hemocytes
was carried out in the Indian endemic freshwater crab,
Arcithelphusa cochleariformis Pati and Suda Devi, 2015.
Therefore, the present study aims to investigate the
circulating hemocytes of A. cochleariformis, using light
microscopy and transmission electron microscopy.
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The information generated from the present study
provides structuraland functional details of circulating
hemocytes of A. cochleariformis and the data can be
used to design various new methods to elucidate the
freshwater crab immune system.

MATERIALS AND METHODS

Adult crabs (intermoult stage) of carapace width
3.5-4.0 cm (n=4) were captured from the arecanut
plantations of Ondayngadi, Mananthavady in
Wayanad district Kerala, India during the period
April to May 2022. The crabs were acclimated to the
laboratory conditions for three days. Hemolymph
(2ml) was obtained from the 4" walking leg with
the help of a sterile needle and was transferred to an
Eppendorf vial containing 3% glutaraldehyde in 0.1
M sodium cacodylate buffer as fixative.

The fixation was done for two hours and the sample
was then centrifuged at 1000 rpm for five minutes.
Further, fixation of the pellets was carried out in 3%
glutaraldehyde, and they were washed in buffer, post
fixed in 1% osmium tetroxide and washed in buffer
again. The double fixation enhances staining contrast,
provides reduced distortion and fixes fine structural
details, appropriate for animal materials (modified
from Schrand et al., 2010). This double fixation
process provides stability throughout dehydration,
embedding, and electron exposure (Schrand et al.,
2010). The dehydration was carried out by using an
ascending graded alcohol series (50%-100%) and
clearing was done in propylene oxide. For infiltration,
an ascending series of propylene oxide and epoxy resin
mixwas used, and then later, the tissue was embedded
in 100% epoxy resin in silicon rubber molds.

The embedded mold was placed in an incubator at
60°C for 48 hrs and blocks were cooled and sectioned.
Semi-thin sections (One-micron thick) were prepared
onan ultra-microtome (Leica ultra cut UCT) usinga
glass knife and stained with toluidine blue. Ultra-thin
sections (less than100 nm) were prepared with the
same ultra-microtome and with an attached diamond
knife (Diatome). Ultra-thin sections were supported
on copper grids and double stained with Reynold’s
solution (uranyl acetate and lead citrate) (Schrand et
al., 2010). Sections were viewed and photographed
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in a Philips Tecnai T12 Spirit transmission electron
microscope, and analyzed for fine structural details.

The different types of hemocyte were counted
from the semi-thin sections. The number of each cell
type was totalled from four visual areas to calculate the
percentage of different hemocytes. The measurements
of hemocytes were carried out by using imaging
software (Nikon NIS Elements) of the Nikon Eclipse
Ni research microscope (China).

RESULTS

Light microscopy

Light microscopic analyses revealed four hemocyte
types — granulocyte I, granulocyte II, agranulocytes
and semi-granulocytes on the basis of the presence or
absence of cytoplasmic granules. Granulocyte I (29%)
nuclei possess thin patches of chromatin and cytoplasm
contains abundant, intensely stained large granules
distributed around the nucleus. In Granulocyte II
(35%), intensely stained large granules fully fill the
cytoplasm or sometimes, they completely obscure
the nucleus. Agranulocytes (19%) were characterized
by large nuclei and their cytoplasm mostly devoid of
granules. Semi-granulocytes (17%) have round to oval
nuclei with thin patches of chromatin attached to the
nuclear membrane and the cytoplasm encompasses a
few small and large granules (Fig. 1, Tab. 1).

Transmission electron microscopy (TEM)
Ultrastructural analyses by TEM confirmed the

four cell types — agranulocyte (Ag), granulocyte I (GI),

granulocyte I1 (GII), semi-granulocyte (Sgc) (Fig. 2).

Figure 1. Light micrograph of circulating hemocytes in
the hemolymph of the freshwater crab, Arcithelphusa
cochleariformis. Abbreviations: Ag, agranulocyte; GI, granulocyteI;
GII, granulocyte II; Sgc, semi-granulocyte. Scale bar = 10 ym.

Figure 2. Ultrastructure of circulating hemocytes in the
hemolymph of the freshwater crab, Arcithelphusa cochleariformis.
Abbreviations: Ag, agranulocyte; GI, granulocyte I; GII,
granulocyte II; Sgc, semi-granulocyte. Scale bar = 5 ym

Table 1. Types of hemocytes in the hemolymph of the freshwater crab, Arcithelphusa cochleariformis.

Parameter Agranulocyte (Ag) Granulocyte I (GI) Granulocyte II (GII) Semigranulocyte (Sgc)
Cell size (um) 5.66%3.26 8.92%6.30 3.83x2.50 6.2x4.13

3 -11.80x7.60 -13.3x9.66 -10.33x8.66 -10.70x6.88
Nucleus size (m) 1.61x0.92 4.15%4.50 2.34%x2.83 2.90x2.88

2 -5.89x4.5 -5.33%x5.84 —4.66x4.88 -5.66x4.88
Mean Nucleocytoplasmic 0.61+0.29 0.54+0.43 0.56+0.37 0.71+0.38
ratio (NPR)
Average number of
5 (2) (44) (26) (14)

granules/cell

Nauplius, 33: €20250556 (2025)
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Agranulocytes

Hemocytes are oval to elongate cells (5.66 x 3.26-
11.8 X 7.6 ym). The nucleus (1.61 X 0.92-5.89 x 4.50
pm) isround to oval, occupying most of the cytoplasmic
space and nucleocytoplasmic ratio (NPR) is 0.61 +
0.29. The large nuclei possess an even and discrete
nuclear envelope containing dense heterochromatin
adhered to the inner nuclear membrane and a marginal
nucleolus (Fig. 3A). They usually lack cytoplasmic
granules but occasionally one or three granules were
noted (0.3-0.4pm). Numerous free ribosomes, RER
cisternae, and a few mitochondria with parallel cristae
were contained in the cytoplasm. RER cisternae are

Figure 3. Transmission electron micrographs of agranulocytes
in the hemolymph of the freshwater crab, Arcithelphusa
cochleariformis. A, Ultrastructure of agranulocyte showing oval
nucleus and cytoplasm with a single electron dense granule; B,
Prominent bulbous pseudopodial extensions in agranulocyte
(figure 3B is higher magnification of figure 3A). Abbreviations: g,
electron dense granule; M, mitochondria; N, nucleus; RER, rough
endoplasmic reticulum cisternae; P, pseudopodia; V, vacuole;
upward arrow indicates secretion of electron lucent vesicles out
of the plasma membrane; arrow head indicates small electron
lucent vesicles. Scale bars: A =1 pm; B = 500 nm.

Nauplius, 33: €20250556 (2025)

concentrated towards the perinuclear region. Vacuoles
were observable in various sizes and shapes, mostly
towards the periphery of the cell and containing
moderately electron dense and flocculent materials.
These cells are able to emit bulbous pseudopodial
projections (Fig. 3B). The electron-lucent small
vesicles appeared inside the pseudopodia and are
considerably less frequent. The release of electron
lucent contents of the vesicles out of the membrane
is visible in those regions where pseudopodia are
emitted (Fig.3A).

Different granule types in the hemocytes

Based on the size, shape, and density, three granule
types were identified in the hemocytes, which include
type L, type 11, and type I1I (Fig. 4A-C).

Type 1

Smalltolarge (0.61 x 0.30-1.83 X 1.33um), round,
kidney-shaped, oval, elongate, tear, rod—shaped with
homogeneous dense matrix. Smaller type 1 granules
were usually found in GI, GII and Sgc. Dominant in
GIL

Type 2

They are round, oval or elongate (0.92 x 0.46-2.16
x 0.84 um). They consist of an electron-lucent matrix
with a definite membrane. Mainly found in GI and Sgc.

Type 3

Oval, elongate, round granules (0.33 x 0.28-1.23
X 0.66 pm). They have mild electron lucent periphery.
Frequently occur in GI and Sgc.

Granulocytes I

Typically, oval to round cells (8.92 x 6.30-13.3
x 9.66um) with small, centric, or eccentric nuclei.
Nucleoli (1-2) are peripheral in position. They
exhibited low NPR when compared to that of Ag (0.54
+ 0.43). Many polymorphic granules were observed
within the cytoplasm. The cytoplasm contains RER
cisternae, free ribosomes, and mitochondria with
parallel cristae. RER cisternae mostly seen surrounding
the nucleus (Fig. SA, B). Mitochondria were numerous
and mostly round or elongate, dispersed in between
polymorphic granules (Fig. SB). A few vesicles of SER
were observed towards the periphery of these cells.

4
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Figure 4.Electron micrographs of granule types in the hemocytes
of the freshwater crab, Arcithelphusa cochleariformis. A, Type 1
granules in the cytoplasm of granulocyte I; B, Type 2 granules
in the cytoplasm of granulocyte I; C, Type 3 granules in the
cytoplasm of granulocyte I (figure 4C showing part of figure
4A). Arrows indicate type 1 granules in figure A, type 2 granules
in figure B and type 3 granules in figure C. Scale bars: A-B =200
nm; C = 100 nm.

Small pseudopodia or filopodia like projections are
observed on the granulocyte I plasma membrane.
Another observation is the presence oflarge lysosomal
bodies in the cytoplasm.

Nauplius, 33: €20250556 (2025)

Figure 5.Fine structural details of granulocyte I in the hemolymph
of the freshwater crab, Arcithelphusa cochleariformis. A, Granulocyte
I'with nucleus and cytoplasmic organelles; B, Granulocyte I with
electron dense and electron lucent granules. Abbreviations: M,
mitochondria; N, nucleus; RER, rough endoplasmic reticulum
cisternae; g, granule; Lb, lysosomal body. Scale bars: A = 1 pm;
B =500 nm.

Granulocytes IT

Roughly spherical or round cells (3.83 x 3.5
10.33 x 8.66 pm) containing mostly centric or rarely
eccentricnuclei (2.34 X 2.83-4.66 x 4.88 um). Roughly
round or kidney shaped nucleus with large patches of
chromatin on the inside of the nuclear membrane and
one or two nucleoli appear peripherally (Fig. 6A). The
NPR was found to be 0.56 £ 0.37. The cytoplasm
encompassed RER cisternae, mitochondria and

Qe |


https://creativecommons.org/licenses/by/4.0/deed.en
http://www.editoraletra1.com.br

Anjali-Krishna and Smija

Fine structure of freshwater crab hemocytes

dense granules. Mostly, large round or oval electron
dense granules predominate in the cytoplasm of GII
(Fig. 6B). Small and large vesicles contain electron
dense flocculent material. These cells contain
granules with electron dense filling. The plasma
membrane of GII was also characterized by small
pseudopodial projections. Certain GII cells had no
granules in their cytoplasm and show autophagosomes
containing materials at various levels of degeneration
and multivesicular bodies towards the periphery of

cells (Fig. 6 C, 7). These cells exhibit certain specific
ultrastructural features like excessive condensation
of the chromatin, noteworthy vacuole formation in
the cytoplasm, and breakdown of the contents of the
cytoplasm.

Semi-granulocytes

They were round, oval, elongate or irregular (6.2
X 4.13-10.7 x 6.88) with round or irregular shaped
eccentric nuclei (2.9x2.88-5.66x4.88um). Electron

Figure 6.Electron micrographs of granulocyte I in the hemolymph of the freshwater crab, Arcithelphusa cochleariformis. A, Granulocyte

IT with nucleus and small pseudopodia; B, Granulocyte IT with large electron dense granules completely obscuring the cytoplasm; C,

Granulocyte II with multivesicular bodies and lysosomal compartments in the cytoplasm of GII. Abbreviations: Dg, dense granule;

Lc, lysosomal compartment; N, nucleus; Nu, nucleolus; g, granule; RER, rough endoplasmic reticulum cisternae; Mv, multi vesicular

body. Scale bars: A-C =1 pm.

Nauplius, 33: €20250556 (2025)
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Figure 7.Detection of autophagosomes in granulocyte II of the

freshwater crab, Arcithelphusa cochleariformis (figure 7 is an inset
of figure 9). Abbreviations: a, autophagosome; N, nucleus; V,
vacuole. Scale bar = 1 pm.

dense heterochromatin lines the interior of the
nuclear membrane (Fig. 8A). The average NPRis high
(0.71 £ 0.38). Several small electron dense (type I)
granules were unequally distributed throughout
the cytoplasm (Fig. 8B). Additionally, type 2 and 3
granules are also visible and the number of granules in
Sgcranges from 8-12. Free ribosomes, RER cisternae,
mitochondria, SER vesicles and lysosomes are present
in the cytoplasm. Several lysosomal compartments
could be observed within the cytoplasm (Fig. 8 B).
These cells possess endocytic vesicles with ingested
materials. They show small pseudopodial projections
around the plasma membrane and melanin deposition
is visible in the cytoplasm. Certain semi-granulocytes
that have phagocytized foreign substances appear to
form close associations with other semi-granulocytes
and granulocytes and developing dense aggregations,
probably initiating nodule formation (Fig. 9).

DISCUSSION

For crustaceansin general, the most widelyaccepted
ideaisthat there are atleast three types of hemocytes.
Most criteria are exclusively dependent on the granule
appearance in the cytoplasm and the hemolymph of
crustaceans show three different hemocyte types
(Bauchau, 1980). Different authors have emphasized
the importance of various techniques and assays which
give information about cell populations and their

Nauplius, 33: €20250556 (2025)

Figure 8. Electron micrographs of semi-granulocytes in the
hemolymph of the freshwater crab, Arcithelphusa cochleariformis. A,
Semi-granulocyte with cytoplasmic organelles and alarge vacuole;
B, Semi-granulocyte with small electron dense granules and
lysosomal compartments. Abbreviations: g, granule; Lc, lysosomal
compartment; M, mitochondria; RER, rough endoplasmic
reticulum cisternae; SER, smooth endoplasmic reticulum vesicle;
V, vacuole; arrow heads indicate small electron dense granules;
arrow indicates small pseudopodia in semi-granulocyte. Scale
bars: A-B =1 pm.

functions (Davey and Kell, 1996). In the present study,
we have used both light and electron microscopic
information to classify the circulating hemocytes of
A. cochleariformis and distinguished four cell types:
agranulocytes, granulocytes I, granulocytes II, and
semi-granulocytes. The present observations are in
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Figure 9.Electron micrograph of semi-granulocytes phagocytosing

foreign particles and forming aggregations noted in the hemolymph
of the freshwater crab, Arcithelphusa cochleariformis. Abbreviations:
GII, granulocyte II; L¢, lysosomal compartment; me, melanization
event; N, nucleus; Sgc, semigranulocyte; Ve, vesicle; arrow heads
indicate small and large electron dense granules in Sgc; arrow
indicates Sgc phagocytosing foreign materials. Scale bar =2 pm.

agreement with Deyashiand Chakraborty (2022) who
identified three hemocyte types, namely hyalinocytes,
small granule hemocytes and large granule hemocytes
in the freshwater crab, Varuna litterata (Fabricius,
1798). Martin and Graves (1985) classified three
hemocyte types in penaeid shrimps which include
large granular, small granular and agranular cells.
However, in the freshwater crab, Travancoriana
schirnerae Bott, 1969, Latha et al. (2017) identified
three types which are agranulocytes, granulocytes I
and granulocytes II.

In the present study, agranulocytes of A.
cochleariformis, are mostly void of granules, and
their ultrastructural features were analogous to
that of hyaline cells, identified in other decapod
crustaceans (Matozzo and Marin, 2010; Wentao et
al., 2017). They project large bulbous pseudopodial
projections, indicating their role in phagocytosis. In
the current study, it is obvious that the less granular
agranulocytes play a major role as phagocytes, as they
account for 32% of the total hemocyte population.
Similarly, in the freshwater crab V. litterata, various
cytoplasmic organelles were copiously present in
the hyalinocytes and the presence of pseudopodial

Nauplius, 33: €20250556 (2025)

extensions in hyalinocytes indicate phagocytic
function (Deyashiand Chakraborty, 2022).In Carcinus
maenas (Linnaeus, 1758), hyaline cells act as the chief
phagocytic cells (Séderhill et al., 1986). In Carcinus.
aestuarii Nardo, 1847, granulocytes and hyalinocytes
appeared inround oramoeboid shapes and they project
pseudopodial projections from their membrane.
Wu et al. (2019) reported hyaline cells as dominant
phagocytesin horseshoe crabs, Trachypleus tridentatus
(Leach, 1819) and Carcinoscorpius rotundicauda
(Latreille, 1802). When we broaden comparisons to
insect species, phagocytosis is primarily mediated
by plasmatocytes, cells which are rich in cytoplasmic
organelles and numerous membrane protrusions
(Bruno etal., 2023). By contrast, in many lepidopteran
species, phagocytic activity was primarily executed by
granulocytes (Tojo etal., 2000; Wu et al., 2015), while
in coleopterans, equally oenocytoids and granulocytes
perform phagocytic function (Giulianini etal., 2003).
Accordingly, it appears that both in crustaceans
and insects, different types of hemocytes, like
agranulocytes and granulocytes, are specialized for
performing phagocytic function. Studies on decapod
crustacean hemocytes have shown that hyalinocytes
are predominantly involved in phagocytosis (Matozzo
and Marin, 2010; Mengal etal., 2023). In invertebrates,
phagocytes performasignificant functionin the innate
immune responses (Jiang et al., 2016). Furthermore,
phagocytosis seems an early extremely preserved
immunological process in all eukaryotes, especiallyin
insects and crustaceans (Bouallegui, 2021; Bruno et
al.,2023) to combat against invading microorganisms
(Liu et al,, 2020). In crustaceans, phagocytosis by
hemocytes has been observed as a vital defence
reaction for the host towards microbial organisms
like bacteria and viruses (Liu et al., 2020).

In the current study, two granulocyte types were
observable and their cytoplasm was dominated
by large electron-dense granules, signifying their
functional similarity. The present observations are in
agreement with Deyashiand Chakraborty (2022), who
identified two types of large granule hemocytesin the
freshwater crab, V. litterata. The structure of nucleus,
cytoplasmic organelles and the distribution of large
electron-dense granules were very similar between
granulocytes of A. cochleariformis and V. litterata.
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Comparably, Latha et al. (2017) have reported the
occurrence of granulocytes I and IT in the freshwater
crab, T. schirnerae. In T. schirnerae, granulocytes II
were the conspicuous hemocytes and they possessed
noticeably large, electron dense type I granules. In
some granulocyte II cells, granules were totally
obscuring the nucleus. In our TEM observations of
GII, we have also noticed similar features. We have
noticed the abundance of RER, free ribosomes, and
mitochondria in GI suggesting their involvement in
metabolic and synthetic activity (Laxmilatha and
Laxminarayana, 2004; Lathaetal., 2017). According
to our observations, large lysosomal bodies are visible
inside the cytoplasm of GI. Many studies on hemocytes
of marine invertebrates like crabs and oysters, report
lysozymes in their hemocytes (Cho and Jeong, 2005;
Jiaetal., 2017; Wang et al., 2017). In horseshoe crabs,
granular cells appear with greater lysosomal activity
than that of hyaline cells (Wu etal., 2019). It was noted
thatin the green-lipped mussel Perna viridis (Linnaeus,
1758), granular cells showed greater lysosomal activity
than that of other types of hemocytes (Wang et al,,
2012). Lu et al. (2021) discovered high phagocytic
activity and lysosomes in granulocytes of the Hong
Kong oyster, Crassostrea hongkongensis Lam and
Morton, 2003. Cytosolic lysosomes release different
enzymes in vesicles which can non-specifically kill
microorganisms (Carballal et al., 1997; Donaghy
et al., 2009). Generally, in crustaceans, granular
hemocytes play an important role in encapsulation,
storage and release of prophenoloxidase (proPO) and
cytotoxicity, with a restricted role in phagocytosis
(Johansson et al., 2000; Vogan and Rowley, 2002).
Itis possible that Gl in A. cochleariformis may perform
synthesis and storage of enzymes required for the
immune reactions against foreign particles and they
have limited phagocytic function.

In the present study, some morphological
differences were observed in certain GII. They had
intense cytoplasmic vacuolization and displayed
autophagosomes including materials at various
phases of degeneration, suggesting phagocytosis and
autophagy processes, respectively. Similarly, studies by
Fiorotti etal. (2019) in the tick, Rhipicephalus microplus
(Canestrini, 1888) showed cytoplasmic vacuolization
in plasmatocytes from fungus infected ticks. In
addition, the fungus infected tick’s granulocytes

Nauplius, 33: €20250556 (2025)

exhibited seemingly less granules, vacuolization and
autophagosomes with materials at different stages of
degradation. The structural changes of plasmatocytes
and granulocytes possibly indicate phagocytosis which
may proceed to cell death, as previously described
by Sharma et al. (2008), Shaurub et al. (2014) and
Fiorotti et al. (2019). In invertebrates, autophagy
appears to be a crucial process during pathogen-host
cellinteraction (Picot etal.,2019). Ininsects, exposure
to pathogens like microbial organisms and parasites
in hemocytes can activate cell mediated immunity
(Rosales, 2017). Similar observation hasbeen reported
in molluscs; with ultrastructural studies in Pacific
oyster hemocytes demonstrating autophagosomes
when they are exposed to an autophagy inducer
molecule (Picot et al., 2019). In our study, definite
ultrastructural features associated with autophagy
were observed, including highly condensed chromatin,
considerable vacuolization of the cytoplasm, and
dilapidation of the cytosolic materials. Similar
observations were reported by Picot et al. (2019)
in Crassostrea gigas (Thunberg, 1793) hemocytes,
exposed to various autophagy inducer and inhibitor
molecules. Herein, our observations demonstrate
autophagosomes in granulocytes II, and which may
give animpression of possible prior exposure to foreign
materials like pathogens by hemocytes. Accordingly,
in freshwater crabs, autophagy may play a significant
role in the protection against potential pathogens and
other foreign materials.

In A. cochleariformis, semi-granulocytes exhibit
considerable morphological changesin cell shape such
as round, oval, elongate or irregular. Ultrastructure
of semi-granulocytes revealed numerous cytoplasmic
organelleslike RER, ribosomes, SER, mitochondria,
vacuoles, lysosomes and numerous small dense
granules throughout the cytoplasm. Similar small
dense cytoplasmic granules have been reported in
the semi-granulocytes of other crustacean species
suchas V. litterata (Deyashi and Chakraborty, 2022),
Penaeus merguiensis De Man, 1888 (Wang et al,,
2002), C. quadricarinatus (Li et al.,, 2021) and C.
aestuarii (Matozzo and Marin, 2010). In the present
study, semi-granulocytes show several lysosomal
compartments and possess endocytic vesicles with
ingested materials. We can imagine a multifunctional
role performed by the Sgc because they appear to be
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involved in aggregation with other hemocytes, which
is a prerequisite for nodule formation in cellular
immunity, melanization and phagocytosis in addition
to lysosomal activity. Interestingly, we can infer that
the morphological and structural variations in the
Sgc, may indicate innate immunological reactions
in response to foreign particles, possibly a microbial
attack. Similarly, Salem et al. (2014) reported that
in the insect, Galleria mellonella (Linnaeus, 1758)
after an infection with roundworm, Steinernema
carpocapsae (Weiser, 1955), induced considerable
structural changes in the hemocytes. The granular
contents swell, giving alargely vacuolated appearance
to cells. Hemocytes that engulf microbial organisms
and foreign materials, adhere to each other, and
develop aggregations. These unformed accretions
may then be surrounded by other hemocytes, or by
hemocytes that may be freed from the aggregations.
Bruno etal. (2023) analysed morphological changes
in hemocytes after bacterial attack in black soldier
fly larvae, Hermetia illucens (Linnaeus, 1758). They
detected plasmatocytes with phagolysosomes
containing degraded bacteria and apoptotic cells
with clearly recognizable cytoplasmic vacuolization
and chromatin condensation. As mentioned above, Sgc
adhere to each other, forming aggregation with other
hemocyteslike GIIand Ag. In addition, in this process,
GII demonstrate degranulation with prominent
cytoplasmic vacuolization. The presence of GII and
Ag close to Sgc, may indicate their active involvement
in nodulation. We were not able to distinguish the
roles of GII and Ag; but we may assume that GII
may first release granules to chemo-attract Sgc and
Ag towards the foreign materials. Comparably, the
type of hemocytes involved in encapsulation and
melanization is well studied in insects. Generally,
in insects, granulocytes mediate first and depict
degranulation to chemo-attract plasmatocytes towards
the foreign agent, which are gradually surrounded
by these hemocytes, becoming multilayered and
eventually melanized (Bruno et al., 2023).

CONCLUSION

To conclude, we have identified four types
of hemocytes in the endemic freshwater crab, A.

Nauplius, 33: €20250556 (2025)

cochleariformis. The morphological and structural
differences were observed in all the four types
of hemocytes. The granules appear to constitute
a fundamental aspect of hemocyte morphology
and physiology. Both GI and GII were rich in
large granules; GI display lysosomes and that may
indicate the presence of enzymes associated with the
digestion of exogenous particles. GII exhibit intense
cytoplasmic vacuolization and autophagosomes with
contents at various phases of dilapidation and this
is an unusual feature that was observed for the first
time in freshwater crab hemocytes. These features
highlight the importance of GII in phagocytosis
and autophagy. It has been found that the presence
of prominent bulbous pseudopodial projections
of Ag may indicate phagocytosis function. In our
study, Sgc is described as an important group in cell
mediated immunity because it appears to involve
in aggregation which is a prerequisite for nodule
formation, melanization and phagocytosis in addition
to lysosomal activity. Finally, we feel confident in
stating that ultrastructural features of circulating
hemocytes in the hemolymph of A. cochleariformis
show significant difference and they perform specific
functions as a part of cell mediated immunity.
Moreover, the immune response of freshwater crabs
appears very complex and studies on the structure of
hematopoietic tissue and hematopoietic stem cells,
the type and origin of antimicrobial molecules, and
interaction and function of immune factors should

be the focus of future research.
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